CURRENT-DRIVE CIRCUIT AND APPARATUS FOR DISPLAY PANEL 



BACKGROUND OF THE INVENTION 

5 1. Field of the Invention 

The present invention relates to a current-drive circuit 
and apparatus for display panel, and particularly to a 
current-drive circuit and apparatus allowing a display panel 
to incorporate display elements thereon so that uniformity in 

10 light-emission intensity is improved. 
2. Description of the Related Art 

In recent years, as semiconductor elements become smaller 
and smaller in response to progress in micro-processing 
techniques, LSI (Large Scale Integrated Circuit ) incorporating 

15 such semiconductor elements becomes larger and larger. For 
example, in a display device such as a liquid crystal display 
device, an output circuit, provided in a drive circuit, for 
driving data lines receives 8-bit digital data for display of 
one pixel and produces voltages for display of 256 gray scale 

20 2-dimensional images so that the voltages are applied to and 
then drive liquid crystal, in order to achieve a liquid crystal 
display panel capable of displaying 16,770,000 colors. 

. That is, when analog images are converted to digital data, 
an 8-bit or 16-bit signal is used to relate a gray scale to a 

25 particular intensity level. To reproduce monochrome images, 
1-bit information, i. e., 2 grayscale representation, in which 
"0" and "1" represent black and white respectively, is used as 
a. minimum number of gray-scale levels. 

On the other hand, as is known in the art, to reproduce 
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color images, three primary colors, red (R) , green (G) and blue 
(B) , are blended. For example, when red (R) , green (G) and blue 
(B) are represented at 256 gray scale levels, totally, 16, 770, 000 
colors can be displayed according to the calculation: 256 x 
5 256X256=16, 770, 000. 

A current-drive device employed in a drive circuit for 
such display panel is disclosed in Japanese Patent Application 
No. 13 (2001 ) -42827 . The conventional current-drive device 
disclosed in the above-described publication is configured to 

10 include a plurality of current-drive Integrated Circuits 
(hereinafter, referred to as ICs) connected in series as shown 
in FIG. 1. Referring to FIG. 1, a plurality of current-drive 
ICs 1 through 4, each employing a current mirror circuit as a 
constant current source, and a reference current source 5 are 

15 inserted between a high voltage supply and a low voltage supply, 
and current mirror circuits incorporated within each of the 
plurality of current-drive ICs are connected in cascade to allow 
current passing through the plurality of current-drive ICs to 
become approximately equal to one another. 

20 When current mirror circuits within the above-described 

current-drive IC^consist of a MOS transistor, variations in the 
threshold voltage VT of MOS transistor increases variations in 
currents passing through the current-drive IC chips in proportion 
to the number of current-drive ICs. 

25 Another current-drive device employed in a drive circuit 

for display panel is disclosed in Japanese Patent Application 
No. 14 (2002) -244618 and shown in FIG. 2. Referring to FIG. 
2, the current-drive device comprises a current supply unit 22 
and a sink-current adjustment unit 23. The current supply unit 



22 includes reference current sources II, I2,**-, In f or sourcing 
different levels of currents, and a plurality of switches* SW1, 
SW2, SWn configured to receive currents from the reference 
current sources II, I2,-'*, In and switch between ON and OFF 
states in response to control signals Dl, D2,** # , Dn, thereby 
appropriately combining currents from the reference current 
sources II, 12, — , In to output current of a particular level. 
In this case, the plurality of switches SW1, SW2 , • • • , SWn have 
one ends connected respectively to the reference current sources 

II, I2,*v, In and the other ends connected together. The 
sink-current adjustment unit 23 receives the reference current 
of a particular level as a result of outputs from the switches 

SW1, SW2 , • ' ' , SWn and then adjusts the level of sink current, 
and further, outputs the sink current of a particular level to 
one of data lines connected to individual pixels. 

The above-described example represents a general 
current-drive circuit and when each of primary colors is to be 
represented, for example, at n-bit gray scale levels, the 
current-drive circuit supplies current of a particular level 
by combining binary-weighted constant currents II to In. 

However, a current-drive circuit for supply of 
binary-weighted constant currents cannot guarantee monotone 
increase in output current when output current to be supplied 
to a display panel is monotonically increased because adjacent 
constant currents are different from each other by a factor of 
2. Therefore, the current-drive circuit is neither able to 
increase or decrease current with high resolution nor to supply 
current for representing a particular color at the greater number 
of gray scale levels. Furthermore, the above-described 
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current-drive circuit cannot apply gamma correction with high 
accuracy to output current corresponding to a digital signal. 

Still another conventional drive device employed in a drive 
circuit for display panel is disclosed in Japanese Patent 
5 Application No. 13 (2001 ) -350439 . The image display device 
disclosed in the above publication applies gamma (7 = 2.0) 
correction to drive current corresponding to a digital signal 
by adjusting both the level and pulse width of drive current. 
However, since the drive current comes to have small pulse width 

10 at the representation of lower number of gray scale levels , the 
drive current that is able to drive a light-emitting element 
at a particular brightness level cannot potentially be supplied. 

As described above, in ■ case of the conventional 
current-drive apparatus for display panel disclosed in Japanese 

15 Patent Application No. 13 (2001) -42827, the current-drive 
apparatus is constructed such that a plurality of current-drive 
ICs IC1 to IC4 are connected in cascade and current mirror circuits 
are connected in cascade within each of the plurality of 
current-drive ICs IC1 to IC4, and nearly equal current is 

20 generated to flow within each of the plurality of current-drive 
ICs IC1 to IC4 . However, when each of the current mirror circuits 
is constituted by MOS transistors, variations in threshold 
voltage of MOS transistor unfavorably increase the degree of 
variations between the current-drive ICs in proportion to the 

25 number of the current-drive ICs. 

Furthermore, in case of the current-drive apparatus 
disclosed in Japanese Patent Application No. 14 (2002) -244618, 
combining any of binary-weighted constant currents II to In makes 
it difficult to supply current for representing a particular 
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color at the greater number of gray scale levels because monotone 
increase in output current as an aggregation of the 
binary-weighted constant currents from the current-drive 
circuit is deteriorated. Furthermore, the current-drive 
5 circuit cannot apply gamma correction with high accuracy to 
output current corresponding to a digital signal. 

Additionally, in case of the current-drive apparatus 
disclosed in Japanese Patent Application No. 13 (2001) -350439, 
the image display device applies gamma correction to drive 
10 current corresponding to a digital signal by adjusting both the 
level and pulse width of drive current. However, when the drive 
current becomes very small in magnitude, the response speed of 
the drive current in a MOS transistor circuit is potentially 
lowered. 

!5 

SUMMARY OF THE INVENTION 

In consideration of the above-described problems, the 
present invention has been conceived to provide a current-drive 
apparatus capable of causing currents, which are generated by 

20 reference to current provided by a reference current source, 
to flow uniformly inside a plurality of current-drive ICs for 
a display panel and outputting drive currents with high accuracy 
through the current-drive ICs to the display panel, and further, 
applying gamma correction to the drive currents. 

25 A current-drive apparatus according to the invention 

includes: a plurality of current-drive circuits connected in 
cascade and configured so that each of the plurality of 
current-drive circuits comprises a reference current generation 
section including a reference resistor and operating so that 



a reference current generated from outside the plurality of 
current-drive circuits is allowed to flow through the reference 
resistor and at least one internal reference current is generated 
in response to f lowof the at least one internal reference current; 
5 and a reference current source allowing the external reference 
current to flow through the plurality of current-drive circuits, 
in which the current-drive circuit is operable to sum up the 
at least one internal reference current in a desired number and 
output a desired number of internal reference currents to a 

10 display element of the display panel. 

Furthermore, the current-drive apparatus is constructed 
such that the reference current generation section further 
includes aplurality of current adjustment resistors and operates 
so that a reference voltage generated across the reference 

15 resistor is applied across each of the plurality of current 
adjustment resistors to generate the at least one internal 
reference current. 

According to the above-described configuration of 
current-drive apparatus, single reference current is allowed 

20 to flow through the reference resistor included in each of the 
plurality of current-drive circuits, thereby eliminating 
variations in themagnitude of reference currents flowing through 
the reference resistors of the plurality of current-drive 
circuits • 

25 According to a first aspect of the inventive current-drive 

apparatus for a display panel, the reference resistor of the 
current-drive circuit chosen out of the plurality of 
current-drive circuits and located on the side of a high voltage 
supply is connected to the high voltage supply through a voltage 
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adjustment resistor and the reference resistor of the 
current -drive circuit chosen out of the plurality of 
current-drive circuits and located on the side of a low voltage 
supply is connected to the reference current source. 
5 According to a second aspect of the inventive current-drive 

apparatus for a display panel, each of the plurality of 
current-drive circuits includes a voltage adjustment circuit 
connected to a terminal of the reference resistor on the side 
of . a high voltage supply and wherein the plurality of 

10 current-drive circuits are configured so. that when the plurality 
of current -drive circuits are biased, only the voltage adjustment 
circuit of the current-drive circuit chosen out of the plurality 
of current-drive circuits and located on the side of a high voltage 
supply has a voltage drop and the remainder of the plurality 

15 of current-drive circuits is short circuited. 

The use of the , first and second aspects of the inventive 
current-drive apparatus for a display panel allows a reference 
voltage across the reference resistor to securely be applied 
across the current adjustment resistor included in the 

20 current-drive circuit chosen out of the plurality of 
current-drive circuits and located nearest to the high voltage 
supply and further, permits variations in voltages across the 
current adjustment resistors included in the plurality of 
current-drive circuits to be reduced. 

25 A current-drive circuit according to the invention 

includes: a reference current generation section having a 
reference resistor and operating so that a reference current 
generated from outside the current-drive circuit is allowed to 
flow through the reference resistor and at least one internal 
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reference current is generated in response to flow of the at 
least one internal reference current, in which the current-drive 
circuit is operable to sum up the at least one internal reference 
current in a desired number and output a desired number of internal 
5 reference currents. 

Furthermore, the current -drive circuit is constructed 
such that the reference current generation section further 
includes aplurality of current adjustment resistors and operates 
so that a reference voltage generated across the reference 

10 resistor is applied across said plurality of current adjustment 
resistors to generate a plurality of internal reference currents 
According to the above-described configuration of 
current-drive circuit, the resistance value of the current 
adjustment resistor included in the current-drive circuit is 

15 varied to allow drive current to be supplied to the display element 
of the display panel to approximate the drive current represented 
by drive current versus input signal characteristics (i. e., 
gamma characteristics) . 

According to the. invention, a device includes: first and 

20 second terminals; a first resistor connected between the first 
and second terminals to receive a reference current ; and a current 
generation circuit responding to the reference current and 
generating first current . 

The device constructed as described above may be configured 

25 so that the current generation circuit includes a second resistor, 
a voltage applying circuit responding to a voltage at one end 
of the first resistor and applying a driving voltage to one end 
of the second resistor, and a first driving circuit responding 
to a voltage at the other end of the first resistor and driving 
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the other end of the second resistor such that the first current 
flows through the second resistor. 

The device constructed as described above may further be 
configured so that the current generation circuit further 
5 includes a third resistor having one end applied with the driving 
voltage and a second driving circuit responding to the voltage 
at the other end of the first resistor and driving the third 
resistor such that second current flows through the third 
resistor. 

10 The device constructed as described above may further be 

configured so that the device further includes an output terminal, 
a first switch supplying, when, activated, the first current to 
the output terminal, and a second switch supplying, when 
activated, the second current to the output terminal. 
15 The device constructed in accordance with the. invention 

provides the same beneficial effects as those explained in the 
description of the aforementioned inventive current-drive 
apparatus and current-drive circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 illustrates the configuration of a conventional 
current-drive apparatus incorporating a plurality of 
current-drive ICs; 

FIG. 2 illustrates the configuration of a general 
current -drive apparatus; 

FIG. 3 is a diagram illustrating geometrical relationship 
between the current-drive ICs and a display panel in a first 
embodiment of the invention; 

FIG. 4 illustrates the configuration of current-drive ICs 



20 



25 



10 

of the first embodiment of the invention; 

FIG . 5 illustrates the configuration of a current source 
within the current-drive IC of the first embodiment of the 
invention; 

5 FIG. 6 illustrates the configuration of a voltage drop 

adjustment circuit according to a second embodiment of the 
invention; 

FIG. 7A is the voltage characteristics of the voltage drop 
adjustment circuit; 
10 FIG. 7B is a schematic view illustrating how the 

current-drive apparatus is biased when the voltage 
characteristics of the voltage drop adjustment circuit are 
measured; 

FIG. 8 is a diagram to illustrate a plurality of current 
15 sources within the current-drive IC of a third embodiment of 
the invention; 

FIG. 9 illustrates the configuration of a current-drive 
IC of the modification of a fourth embodiment of the invention; 

FIG. 10 illustrates the configuration of a current-drive 
20 IC of a fifth embodiment of the invention; 

FIG. 11 illustrates the configuration of a circuit 
combining the current sources and the current-drive IC of the 
fifth embodiment of the invention; 

FIG. 12 illustrates the configuration of switches of the 
25 current-drive IC of FIG. 11; 

FIG. 13 is a diagram illustrating the drive-current versus 
input signal characteristics, i. e., gamma characteristics; 

FIG. 14 illustrates the conf igurat ion of a current-drive 
IC generating drive currents varying depending on whether any 
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one of three primary colors, R, G and B is to be displayed, which 
colors are represented by an input signal, according to a sixth 
embodiment of the invention; and 

FIG. 15 is the configuration of a current-drive IC for 
5 sourcing current to indicate the current-drive apparatus of the 
invention is able to employ not only the current-drive IC, shown 
in FIG. 11, for sinking current but a current-drive IC for sourcing 
current . 

10 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

First, outline of the present invention is described. FIG. 
3 illustrates geometric relationship between a current-drive 
apparatus of the invention and a display panel driven by the 
current-drive apparatus (consisting of current-drive ICs) of 

15 the invention. As shown in FIG. 3, current-drive ICs IC1 to 
IC4 according to the invention have reference resistors Rr 
respectively and those reference resistors Rr are connected in 
series, and further, one of the reference resistors Rr, 
positioned on the lowest potential side, is connected to an 

20 external reference current source 5. Providing the reference 
resistor Rr between two terminals 101, 102 within each of the 
current-drive ICs IC1 to IC4 allows external reference current 
provided 'by an external current source IREF to flow through the 
reference resistor Rr, generating a voltage drop VR across the 

25 resistor Rr and thereby equalizing brightness of light emitted 
from light emitting elements on a display device. 

Though not shown in figures, the display panel such as 
a liquid crystal display panel has drive devices, disposed at 
the peripheries of the display panel, for driving a liquid crystal 
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panel. In this case, the drive devices are a source driver for 
driving source lines by outputting a drive signal to each of 
the source lines and a gate driver for activating gate lines 
to drive a plurality of source lines in a time-division manner. 

The current-drive apparatus of the invention is 
constructed such that reference resistors Rr contained 
respectively in the plurality of current-drive ICs IC1 to IC4 
and the reference current source 5 are connected in cascade, 
and the external reference current IRef is caused to flow through 
the individual resistors Rr in order to generate a voltage drop 
VR across each of the resistors Rr. Through use of the voltage 
drop VR, a uniform amount of current generated by reference to 
the reference current provided by the reference current source 
5 can be caused to flow within each of the current-drive ICs 
IC1 to IC4. 

Utilizing the above-described current-drive apparatus 
consisting of the current-drive ICs IC1 to IC4 makes it possible 
to output highly precise drive current from the current-drive 
ICs IC1 to IC4 to the display panel 6 and further, apply gamma 
correction to the drive current. 

First, a first embodiment of the invention will be 
explained with reference to the accompanying drawings. 

FIG. 4 illustrates the configuration of current-drive ICs 
according to the first embodiment. Referring to FIG. 4, the 
current-drive apparatus of the invention is constructed such 
that current-drive ICs IC1 to IC4 and a reference current source 
5 are connected in cascade between a high voltage supply VDD 
and a low voltage supply GND. Accordingly, reference resistors 
Rr incorporated within the individual current-drive ICs IC1 to 
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IC4 and the reference current source 5 are also connected in 
cascade to allow the external reference current IRef to flow 
from the high voltage supply VDD through the reference resistors 
Rr of the individual current-drive ICs IC1 to IC4 . 
5 FIG. 5 illustrates the configuration of the current-drive 

IC1. Referring to FIG. 5, the current-drive IC1 includes the 
reference resistor Rr, operational (OP) amplifiers 11, 12, a 
current-adjustment resistor R, and reference MOS transistors 
13, 14 (constituting a reference current part) , all of which 

10 constitute a reference current generation section in a 
current-drive IC. The reference resistor Rr is connected 
between terminals 101 and 102 of each of the current-drive ICs 
IC1 to IC4 to divide the high voltage supply VDD into a plurality 
of voltages (refer to FIG. 4) . The OP amplifier 11 is used as 

15 a voltage follower and receives a voltage VI appearing at a higher 
potential end of the reference resistor Rr through a 
non-inverting input terminal (+) of the amplifier and outputs 
a voltage V3 equal to the voltage VI. A voltage V4 is generated 
by allowing internal reference current I to flow from the output 

20 terminal of the OP amplifier 11 through the current-adjustment 
resistor R. 

The OP amplifier 12 receives a voltage V2 appearing at 
a lower potential end of the reference resistor Rr through an 
inverting input terminal (-) of the amplifier and outputs the 
25 voltage V2 to a lower potential end of the current-adjustment 
resistor R. Accordingly, a voltage nearly equal to the voltage 
applied across the reference resistor Rr is applied across the 
current-adjustment resistor R to allow internal reference 
current I to flow through the reference transistors 13, 14. 
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It should be noted that the voltage VI at the non-inverting 
input terminal ( + ) and the voltage V3 at the inverting input 
terminal (-) of the OP amplifier 11 are equal to each other because 
an OP amplifier fundamentally has imaginary short-circuit points 
5 at those two terminals, and further, the voltage V2 at the 
inverting input terminal (-) and the voltage V4 at the 
non-inverting input terminal ( + ) of the OP amplifier 12 are equal 
to each other for the same reason. 

Accordingly, the equations VI = V3 and V2 = V4 result causing 
10 voltages across the resistors R and Rr to become equal to each 
other, leading to establishment of the following equation: 
I = IRef. times. (Rr/R) (1) 

The above equation teaches that internal reference current I 
can' be generated within each of the current-drive ICs IC1 to 

15 IC4 by reference to the external reference current IRef. 

Referring again to FIG. 5, .delta. I, which is the amount 
of displacement of the internal reference current I from the 
external reference current IRef, is calculated as follows based 
on the assumption that .delta . R represents the difference between 

20 the resistance values of the reference resistor Rr and 
current-adjustment resistor R, and . delta. Vos represents the 
difference between the offset voltages of the OP amplifiers 11 
and 12: 

25 where the equations, R = Rr and I = IRef, are assumed. 

When assuming I = 10/iA, R = 200kilo-ohms, .delta. R = 
lkilo-ohms, and .delta. Vos = 5mV, .delta. I = 0.06/iA results 
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meaning that the displacement of the internal reference current 
I from the external reference current IRef becomes 0.6% of the 
external reference current IRef. 

However, the displacement of the internal reference 
current I from the external reference current IRef becomes the 
same regardless of where the current-drive IC is located within 
the current-drive apparatus and therefore, the degree of the 
displacement of the internal reference currents I generated 
within the current-drive ICs IC1 to IC4 fr.om the external 
reference current IRef can be made approximately the same. 

On the other hand, referring to FIG. 1 illustrating 
Japanese Patent Application No. 13 ( 2001 ) -42827 , the 
current-drive apparatus is constructed such that a plurality 
of current-drive ICs IC1 to IC4, each containing current mirror 
(current mirror ratio: 1) circuits connected in cascade, are 
connected in cascade and therefore, displacement delta. 14 of 
internal reference current I generated within the current-drive 
IC4, which is located farthest from the reference current source 
IREF, from the external reference current IRef becomes largest. 

That is, the relationship, delta . II < delta . 12 < delta . 13 
< delta. 14, results, meaning that displacement of internal 
reference current I generated within the current-drive IC, which 
is located farthest from the reference current source IREF, from 
the external reference current IRef becomes larger and larger 
in proportion to the number of current-drive ICs. 

Referring again to FIG. 5, when a well-known offset 
canceling circuit is added to each of the OP amplifiers 11, 12, 
the . delta. Vos represented by the equation (2) becomes nearly 
zero, allowing the .delta. I represented by the equation (2) to 
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become further reduced. 

Moreover, as can be. understood from the equation (2), 
adding the offset canceling circuit to each of the OP amplifiers 
11, 12 prevents the voltage drop VR shown in FIG. 5 from affecting 
5 the displacement .delta. I of internal reference current I from 
the external reference current IRef. This enables reduction 
in resistance value of the resistor Rr, leading to reduction 
in the voltage drop VR. 

That is, adding the offset canceling circuit to each of 

10 the OP amplifiers 11, 12 shown in FIG. 5 allows reduction in 
the voltage drop VR across the resistor Rr, permitting greater 
number of current-drive ICs to be connected in cascade. 

It should be noted that the current-drive apparatus of 
the first embodiment is constructed such that the OP amplifiers 

15 11, 12 shown in FIG. 4 and contained in each of the current-drive 
ICs IC1 to IC4 have a high voltage supply VDD as an operational 
power supply, and the configuration of the current-drive IC shown 
in FIG. 5 is applied to each of the current-drive ICs IC1 to 
IC4 shown in FIG. 4. In this case, the voltage VI in the 

20 current-drive IC4 shown in FIG. 4 equals the high voltage supply 
VDD. 

The operational voltage supply for the OP amplifier 11 
in the current-drive IC4 of FIG. 4 is the high voltage supply 
. VDD and the. voltage VI appearing at the input terminal of the 
25 OP amplifier 11 equals VDD. Accordingly, an equation V3 (the 
voltage appearing at the output terminal of the OP amplifier 
11) = VI = VDD would ideally result. However, in practice, 
current is supplied to the current adjustment resistor R by 
allowing certain current to flow through an output transistor 
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of the OP amplifier 11 and therefore, a voltage drop is generated 
across the output transistor, leading to establishment of 
relationship V3 < VDD = VI. Accordingly, an equation I = IRef 
does not result. However, if the output transistor of the OP 
amplifier 11 is implemented by a power transistor with high drive 
capability, a voltage drop across the power transistor can be 
made very small, potentially allowing establishment of 
relationship V3 == VDD = VI . In this case, the output transistor 
of the OP amplifier 11 becomes very large in size and consumes 
larger amount of current. ' 

To solve the above-stated problem, a resistor is placed 
in a location indicated by letter "A, " i. e., the resistor is 
connected between the high voltage supply VDD and the input 
terminal of the current-drive IC4 . In this case, a voltage drop 
across the resistor A would preferably be, for example, about 
500mV and therefore, the resistor A having a resistance value 
of 50 kilo-ohms to 100 kilo-ohms and contained in the 
current-drive IC4 is connected in series to the high voltage 
supply, allowing establishment of relationship VI < VDD, VI = 
V3 < VDD and I = IRef. 

Accordingly, even when the OP amplifier 11 within each 
of the current-drive ICs IC1 to IC4 shown in FIG. 4 uses the 
high voltage supply VDD as an operational power supply,' placing 
a resistor having a suitable resistance value in the location 
indicated by letter M A" (refer to FIG. 4) enables the OP amplifier 
11 to have imaginary short-circuit points at its two input 
terminals, allowing each of the current-drive ICs IC1 to IC4 
to generate the internal reference current I represented by the 
equation I = IRef. 
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A second embodiment of the invention will be explained 
with reference to the accompanying drawings. 

When the external resistor is not placed in the location 
indicated by the letter "A" and shown in FIG. 4 in the first 
5 embodiment, voltage-drop adjustment circuits 7 need to be placed 
in locations within the current-drive ICs IC1 to IC4, which 
locations are indicated by a letter "B." FIG. 6 illustrates 
the configuration of the voltage-drop adjustment circuit 7 . The 
voltage-drop adjustment circuit 7 includes a first P-channel 

10 MOS transistor 71, a constant current source 72, an inverter. 
73, a second P-channel MOS transistor 74, a third P-channel MOS 
transistor 75, and a resistor Rv for voltage reduction (or a 
step-down resistor) , in which the first P-channel MOS transistor 
71 and the constant current source 72 are connected in cascade 

15 between a high voltage supply VDD and a low voltage supply GND. 
The second P-channel MOS transistor 74 has its source connected 
to a gate of the first P-channel MOS transistor 71 and an input 
terminal VIN for voltage reduction, and its drain connected to 
an output terminal VOUT for voltage reduction, and further, its 

20 gate connected via the inverter 7 3 to a drain of the first P-channel 
MOS transistor 71. The third P-channel MOS transistor 75 has 
its gate connected to the high voltage supply VDD. The resistor 
Rv for voltage reduction is connected between the input terminal 
VIN for voltage reduction and output terminal VOUT for voltage 

25 reduction. 

How the voltage-drop adjustment circuit 7 operates will 
be explained below. 

When assuming a voltage appearing at the VIN terminal 
equals VDD (= 1.0V) and a voltage appearing at the VOUT terminal 
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equals (VDD - 2V) , the current-drive IC4 out of the current-drive 
ICs IC1 to IC4 connected in cascade operates so that the N-channel 
MOS transistor 75 is not turned on and the P-channel MOS transistor 
71 also is not turned on, causing an input terminal of the P-channel 
5 MOS transistor 73 to be a logic low L (OV) and the gate of the 
P-channel MOS transistor 74 to be a logic high H (VDD) . 
Accordingly, the P-channel MOS transistor 74 also is not turned 
on . 

That is, any transistor within the current-drive IC4 is 
10 not turned on and therefore, current passes through the resistor 
Rv, causing a voltage drop Rv. times. I across the VIN and VOUT 
terminals . 

Regarding the current-drive IC3, the voltage at the VIN 
terminal equals' (VDD - 2V) and the voltage at the VOUT terminal 

15 equals (VDD - 4V) , and therefore, the P-channel MOS transistor 
71 is turned on and the P-channel MOS transistor 74 also is turned 
on. Accordingly, lowering on-resistance of the P-channel MOS 
transistor 74 allows current to flow through the P-channel MOS 
transistor 74, causing a voltage drop across the VIN and VOUT 

20 terminals to become very small. 

It should be noted that the N-channel MOS transistor 75 
is weakly turned on. Turning our eyes from the current-drive 
IC3 to the current-drive IC2 and IC1, the voltage appearing at 
the terminal VIN equals (VDD - 6V) and the voltage appearing 

25 at the terminal VOUT equals (VDD - 8V) , and therefore, both 
the P-channel MOS transistor 71 and N-channel MOS transistor 
75 are strongly turned on. 

In this case, although the P-channel MOS transistor 74 
is also turned on, the voltage appearing at the terminal VIN 
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is low and therefore, the P-channel MOS transistor 74 is being 
weakly turned on. That is, the current I primarily passes through 
the N-channel MOS transistor 75, causing the voltage drop across 
the voltage drop adj ustment circuit 7 of each of the current-drive 
5 ICs IC2 and IC1 to be very small, as in the case with the 
current-drive IC3. 

FIG. 7A is a curve representing voltage characteristics 
of the voltage drop adjustment circuit 7 of FIG. 6, i. e., 
relationship between a voltage between the.VIN and VOUT terminals 

10 and a voltage appearing at the VIN terminal. As shown in FIG. 
7B, the characteristics shown in FIG. 7A are obtained by 
connecting the VOUT terminal of the voltage drop adjustment 
circuit 7 to the current source IREF and then applying, a voltage 
of between 0 and 10 volts to the VIN terminal thereof. Referring 

15 to FIG. 7B, it would become apparent that placing the voltage 
drop adjustment circuit 7 of FIG. 6 in the section B of FIG. 
4 (i.e., connecting in series the voltage drop adjustment circuit 
7 to the adjacent current-drive IC) causes a voltage drop only 
across the section B of the current-drive IC4 positioned nearest 

20 to the high voltage supply VDD. 

That is, the waveform shown in FIG. 7A indicates that when 
assuming VDD = 10V and the voltage drop Vr = 2V, where the voltage 
drop is across the resistors Rr of the current drive ICs IC1 
to IC4, a voltage drop Vr is observed only across the voltage 

25 drop adjustment circuit 7 of the current drive IC4 and the voltage 
drop across the voltage drop adjustment circuits 7 of the 
remaining current drive ICs becomes approximately zero. 
Accordingly, the current I = IREF can be supplied inside the 
individual current drive ICs IC1 to IC4 . 



• r 
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A third embodiment of the invention will be explained 

below. 

FIG. 8 illustrates the configuration of a plurality of 
current sources within a current-drive IC8 of the third 
5 embodiment. In this case, current-drive ICs (having the same 
configuration as that shown in FIG. 4), each having the . 
configuration of current-drive IC of the third embodiment, 
constitute a current-drive apparatus of the third embodiment. 
The current-drive IC 8 comprises a reference resistor Rr, OP 

10 amplifiers 11 to 19, current adjustment resistors Rl to R8, 
reference MOS transistors 131 to 138 and 141 to 148 (each set 
of transistors, such as transistors 131 and 141, constituting 
a reference current part) , all of which constitute a reference 
current generation section in a current-drive IC. The reference 

15 resistor Rr is connected between terminals 101 and 102 of each 
of the current-drive ICs to divide a high voltage supply VDD 
into a plurality of voltages. , The OP amplifier 11 is used as 
a voltage follower and allows a voltage VI appearing at one end 
of the reference resistor Rr on the side of the high voltage 

20 supply to be input to its non-inverting terminal ( + ) and then 
be .output as a voltage V3 equal to the voltage VI. 

Furthermore, the current adjustment resistors Rl to R8 
are providedtoallow output currents II to 18 from the OP amplifier 
11 to flow through the reference MOS transistors 131 to 138, 

25 respectively. The OP amplifiers 12 to 19 operate so that a 
voltage V2 appearing at the other end of the reference resistor 
Rr on the side of a low voltage supply GND is input to an inverting 
terminal (-) of each of the OP amplifiers 12 to 19 and a voltage 
approximately equal to the voltage V2 is output as a voltage 
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V4 to the non-inverting terminal ( + ) of each of the OP amplifiers 
12 to 19. A differential voltage between the voltages V3 and 
V4 is applied across each of the current adjustment resistors 
Rl to R8 to allow the currents II to 18 to flow through the reference 
5 MOS transistors 131 to 138 and 141 to 148 (each set of transistors, 
such as transistors 131 and 141, constituting a reference current . 
part) . 

That is, the current-drive IC8 of the embodiment is 
provided with a plurality of circuits within the current-drive 

10 IC used in the aforementioned second embodiment and shown in 
FIG. 5 (inmore detail, plural sets of current adjustment resistor , 
lower-side OP amplifier and two series-connected reference MOS 
transistors are provided in the current-drive IC8 of the 
embodiment) and then the current adjustment resistors Rl to R8 

15 are adjusted to allow adjustment of the currents II to 18 flowing 
through the resistors Rl to R8, enabling the current-drive IC8 
to have a plurality of current sources provided therein. 

Also in. the third embodiment, a resistor having a 
resistance value of 50 kilo-ohms to 100 kilo-ohms is placed in . 

20 a section of the current-drive apparatus of the third embodiment, 
corresponding to the section A of FIG. 4, and connected in series 
to the high voltage supply to establish the relationship VI < 
VDD. Therefore, also in the current-drive IC8 of the third 
embodiment, since the equation VI = V3 , i.e., I = IRef is available 

25 for the circuit of the third embodiment as is the case with the 
embodiment shown in FIG. 5, even when the voltage supply for 
the OP amplifier 11 within the current-drive IC8 would be the 
high voltage supply VDD, placing the resistor having a suitable 
resistance value in a section of the current-drive apparatus 
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of the third embodiment, corresponding to the section A of FIG. 
4 , allows the OP amplifiers 11 to normally operate and then permits 
the current I represented by the equation I = IRef to be supplied 
inside the current-drive ICs of the current-drive apparatus of 
5 the third embodiment. 

Alternatively, placing in a section of the current-drive 
apparatus of the third embodiment, corresponding to the section 
B of FIG. 4, the voltage drop adjustment circuit 7 shown in FIG. 
6 and connected in series to the adjacent current-drive IC makes 
10 it possible to cause a voltage drop only across the corresponding 
section of the current-drive apparatus of the third embodiment, 
which section is located nearest to the high voltage supply 
terminal VDD. 

A fourth embodiment of the invention will be explained 
15 below. ; 

A current-drive IC8 of the fourth embodiment has the same 
configuration as that shown in FIG. 8 and only the current-drive 
IC8 constitutes a current-drive apparatus of the fourth 
embodiment. The current-drive IC 8 of the fourth embodiment 

20 comprises a reference resistor Rr, OP amplifiers 11 to 19, current 
adjustment resistors Rl to R8, reference MOS transistors 131 
to 138 and 141 to 148, all of which constitute a reference current 
generation section. The reference resistor Rr is connected 
between a high voltage supply VDD and a low voltage supply GND. 

25 Though not shown, also in this case, a resistor for voltage 
reduction is inserted between a terminal 101 on the side of VDD 
and the high voltage supply VDD. The OP amplifier 11 is used 
as a voltage follower and allows a voltage VI appearing at one 
end of the reference resistor Rr on the side of the high voltage 
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supply to be input to an non-inverting terminal ( + ) and then 
be output as a voltage V3 equal to the voltage VI. 

Furthermore, the current adjustment resistors Rl to R8 
are provided to allow output currents II to 18 from the OP amplifier 
5 11 to flow through the reference MOS transistors 131 to 138, 
respectively. The OP amplifiers 12 to 19 operate so that a 
voltage V2 appearing at the other end of the reference resistor 
Rr on the side of the low voltage supply GND is input to the 
inverting terminal (-) of each of the OP amplifiers 12 to 19and 
10 a voltage approximately equal to the voltage V2 is output as 
a voltage V4 to the non-inverting terminal ( + ) of each of the 
OP amplifiers 12 to 19. A differential voltage between the 
voltages V3 and V4 is applied across each of the current. ad j us tment 
resistors Rl to R8 to allow the currents II to 18 to flow through 
15 the reference MOS transistors 131 to 138 and 141 to 148. 

Although the current-drive IC8 of the third embodiment 
is configured so that a plurality of current sources are provided 
in each of the plurality of current-drive ICs such as the 
current-drive ICs IC1 to IC4 explained in the description of 
20 FIG. 4, single current-drive IC8 is incorporated in a compact 
cellar phone having a display panel in the fourth embodiment. 

That is, in view of application of current-drive IC to 
. a display device having a compact display panel, the number of 
driver data lines for providing electrical connection between 
25 a current-drive IC and a display panel is small and therefore, 
only one chip is typically incorporated in a display device as 
a current-drive IC for driving a display panel. 

Accordingly, even in a case where instead of a plurality 
of current-drive ICs, a single current-drive IC is incorporated 
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in • a display device having a display panel, the single 
current-drive IC is able to have a plurality of current sources 
provided therein as shown in the embodiment. 

A modification of the aforementioned fourth embodiment 
5 will be explained with reference to FIG, 9. The current-drive 
IC of FIG . 8 is configured so that the output terminal of each 
of the OP amplifiers 12 to 19 is connected to the gate terminal 
of each of the reference MOS transistors 131 to 138 located on 
the side of the current adjustment resistors Rl to R8 . A 

10 current-drive IC 58 of FIG- 9 is configured so that the output 
terminal of each of the OP amplifiers 12 to 19 is connected to 
the gate terminal of each of the reference MOS transistors 161 
to 168 located on the side of the ground GND. 

In a case where a single current-drive IC is incorporated 

15 in a cellar phone having a compact display panel, even the circuit 
shown in FIG. 9 is able to constitute f a constant current supply 
circuit . 

That is, when a plurality of current-drive ICs IC1 to IC4 
are connected as shown in the other embodiments, the voltage 
20 V3 appearing at the terminal 101 and the voltage V4 appearing 
at the terminal 102 in the individual current-drive ICs IC1 to 
IC4 are different from one another and therefore, the 
current-drive IC shown in FIG. 9 cannot be employed in the other 
embodiments . 

25 For instance, when the current-drive IC of FIG. 9 is 

disposed at a position where the current-drive IC4 located near 
the high voltage supply VDD is placed, the voltage V4 appearing 
at the terminal 102 becomes equal to a voltage of .(VDD-3V) to 
(VDD-2V) and therefore, connection of the circuit (i. e., one 
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of plural sets of current adjustment resistor, lower-side OP 
amplifier and two series-connected reference MOS transistors) 
of interest shown in FIG. 9 to each of drive sections X and Y 
of FIG, 11, which sections will be described later, causes the 
5 voltage range over which a potential appearing at an output 
terminal OUT shared by the drive sections moves to become 
narrower . 

This is because a gate voltage of a second MOS transistor 
of a current mirror circuit equals a voltage V4 of (VDD-3V) to 
10 (VDD-2V) . 

Therefore, even when a single current-drive IC is 
incorporated in a display device, setting the voltage V4 
appearing at the terminal 102 at as low level as possible prevents 
a potential at the terminal OUT from moving over a limited range 
15 of voltages. 

A fifth embodiment of the invention will be explained 

below. 

FIG. 10 illustrates the configuration of a current-drive 
circuit according to the fifth embodiment. The current-drive 

20 circuit 9 is realized by employing the current-drive IC 8 which 
allows a plurality of constant currents II to 18 to flow inside 
the current-drive IC and has been explained in the description 
of the aforementioned third embodiment. Furthermore, a 
current-drive IC constructed in combination of, for example, 

25 the current-drive IC of FIG. 8 and the current-drive circuit 
of FIG. 10 is illustrated in FIG. 11. Though not shown, a 
current-drive IC may be constructed in combination of the 
current-drive IC of FIG. 9 and the current-drive circuit of FIG. 
10. 
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As shown in FIG. 10, the current-drive circuit 9 
constitutes a current drive section having a plurality of current 
drive sections, in which red (R) , green (G) and blue (B) are 
represented at 256 (8 bit) gray scale levels, and constant 
currents II to 18 are generated by a plurality of current sources 
in the same manner as that explained in the description of the 
aforementioned current-drive IC of FIG . 8. 

That is, the current-drive circuit 9 comprises a current 
output terminal OUT , 255 current sources II to 18, and selection 
switches SW1 to SW255 connected in parallel between the current 
output terminal OUT and the current sources II to 18. In this 
case, for example, a set of current sources II makes up a current 
drive section.Q and a set of current sources 18 makes up a current 
drive section R in a current-drive IC, as shown in FIG. 10. 

In this case, the current drive sections X and Y of FIG. 
11 correspond to the current drive sections Q and R of FIG. 10. 
Note that the currents II to 18 are different from the eight 
binary-weighted constant currents. 

That is, when eight binary-weighted constant currents are 
employed in a current-drive circuit, eight current sources are 
used for supplying currents scaled by a factor of two relative 
to one another to achieve a 128 : 64 : 32 : 16 . : 8 : 4 : 2 : 
1 scaling ratio. Those current sources are selected using 
.switches to obtain 1 to 255 current levels (corresponding to 
current levels supplied by a 255 full scale resolution 
current-drive circuit and the case where n equals 8 in FIG. 2) . 

However, in the invention, the current flowing through 
each of the constant current sources II to 18 represents 1 LSB 
(1 gray scale level) and further, current levels of the constant 
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current sources II to 18 can appropriately be set different from 
one another to change a current level or gray scale level 
corresponding to 1 LSB. For example, current II represents 1 
LSB in a range of 1 to 32 LSB, current 12 represents 1 LSB in 
5 a range of 33 to 64 LSB, and likewise, current 18 represents 
1 LSB in a range of 216 to 255 LSB (refer to FIG. 10) . 

Adjusting the current levels provided by the constant 
current sources II to 18 allows creation of relationship between 
drive current and input signal, i. e., a gamma curve described 
10 later. . 

It should be noted that when the current-drive circuit 
of FIG . 10 is configured so that current sunk through the terminal 
OUT by the current sources of the current-drive circuit is 
monotonically increased, monotone increase in the magnitude of 
15 current sunk by the current-drive circuit is maintained since 
the drive current is monotonically increased by sequentially 
turning on the switches SW1 to SW255. 

FIG. 12 illustrates the configuration of the. switches SW1 
to SW255 of the current-drive circuit . Since the current sources 
20 II to 18 sink currents that represent 1 to 255 LSB (i. e., 8 
bit resolution) , the switches SW1 to SW255 are configured as 
shown in FIG. 12. That is, when 8 MOS switches of the individual 
switches SW1 to SW255 each are configured to have its drain and 
source suitably connected to associated terminals, turning on 
• 25 the switches SW1 to SW255 one by one monotonically increases 
sink current. 

When the drive current is monotonically increased, 
relationship between drive current and input signal becomes a 
sequential line graph representing a gamma curve as shown in 
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FIG. 13 since the currents sunk by the constant current sources 
II to 18 are weighted differently from one another. 

The sequential line graph can be made nearly equal to a 
gamma curve (7" =2. 2) by adjusting the magnitude of the constant 
currents II to 18 of FIG. 10, that is, adjusting the resistance 
values of the current adjustment resistors Rl to R8 of FIG. 8. 
Therefore, the current-drive circuit of FIG. 10 allows 
application of gamma correction to drive current. 

Furthermore, adjusting a segment width (equal width is 
shown in FIG . 13) corresponding to a set of digital signals covered 
by each of the constant current sources II to 18 of FIG. 12 allows 
drive current versus digital signal characteristics to 
approximate a gamma curve (7^=2.2). 

That is, referring to FIG. 13, for example, linearity of 
the sequential line graph in the segment 18, in which the drive 
current is large, is distinguished despite desired operation 
toadjust drive current versus digital signal characteristics 
so that it approximates the gamma curve ( 7^=2.2) . Then, a range 
of 216 to 255 LSB corresponding to a set of digital signals covered 
by the constant current source 18 is reduced to a range of, for 
example, 232 to 255 LSB. In this case, it should be contemplated 
that since the magnitude of current sunk by the constant current 
source corresponds to 1 LSB, a range of 1 to 32 LSB corresponding 
to a set of digital signals covered by the constant current source 
II is increased to a range of, for example, 1 to 48 LSB. 

In addition to the above-described adjustment, the current 
levels of the constant current sources II to 18 of FIG. 10, i. 
e . , gamma value of the sequential line graph may also be adjusted 
by adjusting the resistance values of the resistors Rl to R8 
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of FIG . 8. 

A sixth embodiment of the invention will be explained 

below . 

FIG. 14 illustrates the configuration of a current-drive 
IC 21 for generating drive currents varying depending on whether 
any one of three primary colors, R, G and B is to be displayed, 
which colors are represented by a digital signal, according to 
the sixth embodiment. The current-drive IC 21 comprises first 
color switches SWB1, SWG1, SWR1 and second color switches SWB2, 
SWG2, SWR2 , OP amplifiers 11, 12 reference MOS transistors 13, 
14, and current adjustment resistors RB, RG, RR, all of which 
constitute a reference current generation section in a 
current-drive IC. The first color switches SWB1, SWG1, SWR1 
and second color switches SWB2, SWG2, SWR2 are used to- select 
the magnitude of reference current in response to the level of 
current to be supplied to display elements and to' gamma 
characteristics to be applied to the current-drive IC. The second 
color switches SWB2 , SWG2, SWR2 are disposed respectively between 
the output terminal of the OP amplifier 11 and the current 
adjustment resistors RB, RG, RR. Those resistors are connected 
to a load MOS transistor 13 for the OP amplifier 12. 

It should be noted that the current-drive IC 21 of FIG. 
14 is illustrated to correspond to one of the internal current 
sources II to 18 of FIG. 8. In this case, the current-drive 
IC 21 is provided as a current source suited to the case where 
the levels of drive currents and gamma characteristics 
corresponding to R, G, B light emitting elements of display panel 
are different from one another , i. e., the case where a plurality 
of drive currents should be generated so as to correspond to 
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digital input signals in the aforementioned fifth embodiment. 

The current-drive IC 21 operates so that when a light 
emitting element for emitting R (red) light from a display panel 
is current-driven, only the switches SWR1, SWR2 are turned on 
5 to allow the current IR to pass through the resistor RR to the 
internal current source. 

When a light emitting element for emitting G (green) light 
from a display panel is current-driven, only the switches SWG1, 
SWG2 are turned on to allow the current IG to pass through the 
10 resistor. RG to the internal current source. 

When a light emitting element for emitting B (blue) light 
from a display panel is current-driven, only the switches SWB1, 
SWB2 are turned on to allow the current IB to pass through the 
resistor RB to the internal current source. 
15 As described above, switching the switches of the 

current-drive IC 21 allows a level of drive current to vary in 
response to an input digital signal representing one of colors, 
R, G and B. 

It is apparent that difference between the circuit 
20 configurations of the sixth embodiment and the aforementioned 
fifth embodiment is that the circuit of the sixth embodiment 
includes six switches and resistors RR, RG, RB in addition to 
the circuit of the fifth embodiment. The current-drive circuit 
of the sixth embodiment is completely the same as the 
25 current-drive circuit 9 shown in FIG. 10. Accordingly, only 
changing slightly circuit configuration and chip area makes it 
possible to provide a current-drive IC for driving a display 
panel in response to a digital signal corresponding to one of 
colors, R, G and B. 
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As described so far, the current-drive apparatus for a 
display device according to the invention comprises an external 
reference current source- and a reference resistor provided 
between two terminals within each of current-drive ICs so that 
5 external reference current generated by the external reference 
current source flows through the reference resistor creating 
a voltage drop across the reference resistor in order to equalize 
the intensity of light emitted by a light emitting element- In 
this case, the reference resistors of a plurality of the 

10 current-drive ICs constructed as described above and the external 
current source are connected in cascade. Therefore, the 
current-drive apparatus according to the invention is able to 
output drive current to a display panel with high accuracy and 
further apply gamma correction to the drive current, allowing 

15 discrimination of the inventive current-drive apparatus for a 
display panel from other current -drive apparatuses in the market . 

It . would be apparent to those skilled in the art that the 
present invention is not limited to the above embodiments and 
description, but may be changed or modified without departing 

20 from the scopes and spirits of appended claims. 

For example, in FIG. 11, although the current-drive IC 
10 acting to sink drive current through the output terminal is 
illustrated in the embodiments, a current-drive IC 60 acting 
to source drive current through an output terminal and shown 

25 in FIG. 15 can be employed in the invention. The current-drive 
IC 60 is constructed such that the inverting terminal and 
non-inverting terminal of the OP amplifier of the current-drive 
IC 10 are replaced with each other, and the N-channel reference 
MOS transistors of the current-drive IC 10 are replaced with 
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P-channel reference MOS transistors. Furthermore, in a 
current-drive apparatus for sourcing drive current to the outside, 
a plurality of current-drive ICs 60 are connected in cascade 
and an external reference current source IREF is inserted between 
a high voltage supply VDD and the current-drive IC 60 located 
nearest to the high voltage supply. 



